An experiment was conducted to determine the effect of organic acids (acetic, butyric, citric and formic acids) on growth and nutrient digestibility of broilers. One hundred fifty (150) day old Hubbard chicks were used. There were five dietary treatments s 2, 3, 4, and 5 contained 0.25% acetic, butyric, citric and formic replicated three times having 10 birds arranged in completely randomized design (CRD). Feed and water were given ad libitum. Feeding of organic acid diets lasted At the starter phase, formic acid improved live weight. Feed and water intakes were significantly (P<0.05) reduced by butyric acid. Feed: gain ratio was improved by formic acid. At the finisher phase, live weight was significantly (P<0.05) improved by the acids exc and feed: gain ratio were not significant (P>0.05). Crude protein and ether extracts digestibility were improved by all the organic acids (P<0.05). It is therefore concluded that 0.25% formic acid could be added to broiler diets.
Introduction
Recent concerns about antibiotics resistance in livestock industry indicate the need for alternative strategies to improve animal performance and health without the use of antibiotics. To this end some dietary products have been used to replace antibiotics in poultry diets. The products include; probiotics like yeast culture, prebiotic, essential oils, spices and organic acids (Cave, 1978; Chudhury, 2002; Patterson and Burkholder, 2003; Lesson 2005; Windisch et al., 2008; Gao Organic acids have been used for decades in feed preservation, protecting feed from bacterial and fungal destruction (Canibe et al., 2008) . Evidence of the potentials of organic acids to support growth of broilers abounds (Waldroup 1995; Ndelekwute et al., 2015) . Growth promoting effect of organic acids is due to their antibacterial and antifungal effect and stimul of villi growth (Lesson et al., 2005) . and other developing countries, poultry production is improving and the demand for its meat and eggs is ever increasing.
ndelekwute.ek@gmail.com To this end some dietary products have been used to replace antibiotics in poultry diets. The products include; probiotics like yeast culture, prebiotic, essential oils, spices and rganic acids (Cave, 1978; Chudhury, 2002; Patterson and Burkholder, 2003; Lesson et al., ., 2008; Gao et al., 2008) .
Organic acids have been used for decades in feed preservation, protecting feed from bacterial and ., 2008). Evidence of the potentials of organic acids to support growth of broilers abounds (Waldroup et al., ., 2015) . Growth promoting effect of organic acids is due to their antibacterial and antifungal effect and stimulation ., 2005) . In Nigeria and other developing countries, poultry production is improving and the demand for its meat and eggs is ever increasing.
Increasing demand for poultry meat has been attributed in part to meat consume eat meat with lesser level of cholesterol in preference to red meat such as beef which contains higher cholesterol than poultry meat (Ndelekwute et al., 2008) . With the increasing demand not only in Nigeria, but world over, animal nutritionists are faced with the task of producing feeds that could give heavier broiler chickens in good time. To this end, certain nutritional strategies have been adopted t achieve this, such as addition of feed additives to the feed to promote growth of monogastric animals (Partenen and Mroz, 1999) . Such feed additives also regarded as growth promoters or enhancers are antibiotics (Dibner, 2004) and hormones (Maynard et al., 1981 (Partenen and Mroz, 1999) . Such feed additives also regarded as growth promoters or enhancers are antibiotics (Dibner, 2004) and ., 1981) . Treatment feeds and feedstuffs against microbial entity is necessary because it had been reported that feeds and feedstuffs were contaminated by bacteria and fungi (Gathumbi et al., 1996) .
Organic acids comprise of any organic carboxylic h the general formula R-COOH such as acetic acid, butyric acid, citric acid, propionic acid, lactic acid and formic acid butyric, citric and formic acids) to improve growth and nutrient digestibility of broilers (Dibner,2004 
Experimental design
Completely randomized design (CRD) was followed for the experiment. One hundred fifty (150) day old chicks of Hubbard strains were used. These were divided into five treatments and replicated three times. Each replicate had 10 birds. T1 received no organic acid in the diet, T2
= acetic acid, T3 = butyric acid, T4 = citric acid, and T5 = formic acid. Each organic acid was added at 0.25% of the diets (Tables 1 and 2 ).
The birds were stabilized in the brooding room for one week during which the control diet was feed to all the birds. At the end of the first week, the birds were allotted to the five treatment groups and fed organic acid diets for three weeks for starter phase and four weeks for the finisher phase. 
Management of birds
The birds were kept for one week in the brooding room. Heat was supplied by kerosene stove placed under a hover. At the end of the one week stabilization period the birds were transferred to a deep litter rearing house having wood shavings as bedding materials. A portion of the house where the birds were placed was covered with water proof material. They were randomly separated into the five treatment groups and weighed. Brooding continued to the third week of 
Statistical analysis
At the end of the experiment, data collected were subjected to analysis of variance (ANOVA).
Significant means were separated using Duncan New Multiple Range Text (DNMRT) according to (Steel and Torrie, 1980) .
Results
Growth Performance Daily gain was the same (P>0.05). However, formic, citric and acetic acid groups marginally showed some level of superiority over the control and butyric acid. Citric and formic acid diets significantly (P<0.05) produced higher daily feed intake than butyric acid diet. Daily feed intake of the control was similar to all the organic acids. It was observed that feed consumption of broilers fed butyric acid diet was improved at this phase.
Citric and formic acid diets significantly (P<0.05) improved daily water consumption over control and butyric acid diets. However, daily water intake for acetic acid was similar to control, butyric, citric and formic acids. The quantity of water consumed pet gram of feed (water: feed ratio) was higher in birds fed formic, citric and acetic acid diets compared to control and butyric acid diets. It was the same in control and butyric acid. ether extract by all the acids; ash by butyric, citric, and formic acids. Digestibility of nitrogen free extract was better in citric and formic acids.
Nutrient digestibility
Energy utilization was significantly higher in all the organic acid groups.
Discussion
The improved growth of birds fed acetic acid, citric acid, formic acid, over those on control diet could be attributable to reported inhibitory and lethal effect of organic acids on pathogenic microflora and their contributions to digestion and absorption of nutrients in the gut. Many authors have reported antimicrobial actions of organic acids (Alshawabkeh et al., 2002; Sun, 2004; Paul et al., 2007) , their ability to reduce the gut pH (Dibner, 2004) and inducement of endogeneous secretions such as bile and pancreatic enzymes (Thaela, 1998 (Debevere, 1987; Waldroup et al., 1995; Dibner, 2004; Canibe et al., 2008; Windisch et al., 2008 been stated that the required daily feed intake of birds must be met before optimum growth could be achieved (Oluyemi and Roberts, 2000) . Feed intake below daily requirement could lead to shortfall in the daily requirement of nutrients and such birds perform poorly (Obioha, 1995) ).
The feed and gain ratio of butyric acid that was similar to the control and other organic acids except formic acid, is an indication that its live weight may not be due to metabolic or physiological impairment but due to reduced feed intake. The ability of formic acid-fed birds to gain more weight per unit protein consumed, further shows the superiority of the acid as a growth promoter. Also better protein efficiency ratio of butyric acid compare to control, acetic and citric acids further explains that it may not have impaired the metabolic processes to produce the least body weight, but rather its daily feed intake may not have supplied the required quantity of nutrients for growth. This work corroborates earlier report (Skinner et al., 1991) . In contrast, Paul et al. (2007) did not observe significant improvement. The disagreement of Paul et al. (2007) could be due to the fact that they conducted their experiment in cages. Organic acids are more effective in more contaminated environment as in deep litter house (Paul et al., 2007) under which this experiment was conducted.
The relationship between water and feed intake was in consonant with the fact that quantity of water taken by birds has a direct relationship with the feed intake (Oluyemi and Roberts, 2000) . This was clearly observed in water: feed ratio where citric and formic acids which consumed higher quantity of feed had the highest water: feed ratios.
Apparent nutrient digestibility
The current observations on digestibility of protein and ether extract could be attributed to earlier report (Dibner, 2004) that organic acids induced endogenous secretions such as protease and bile which are essential for nutrient utilization. The ability of the organic acids to reduce bacteria population in the gut has been reported (Canibe et al., 2008) and could have led to the better nutrient digestibility. In this regard, production of gases (such as ammonia, amines through fermentation caused by gram negative pathogenic bacteria), gut colonization and thickening of the intestinal wall which would have reduced digestibility and absorption of nutrients could have been inhibited (McHan, 1992; Thaela, 1998) ). This result could be linked to the better performance in live weight observed of birds fed organic acid diets (except butyric acid). This result is in agreement with Kemme (1998) 
Conclusion
Addition of organic acids especially formic acid in diets for broilers showed improvement in live weight at both the starter and finisher phases. Digestibility of nutrients was also improved.
Therefore, addition of formic acid to broiler diets could be recommended.
